Densities derived from accelerometer measurements depend on the drag coefficient assigned to the satellite. Although laboratory measurements increase our understanding of gassurface interactions, they are not adequate to determine the appropriate drag coefficient because it is not known how the surface conditions at any particular altitude relate to the heterogeneous chemisorption and physisorption revealed by measurements in the laboratory. Therefore it is necessary to rely on drag and accommodation coefficients which have been measured in orbit. We use knowledge of these coefficients from our recent review of satellite measurements, and insights gained from laboratory measurements, to construct a table showing how the accommodation coefficient of compact satellites varies wtih altitude and solar activity. We then insert the accommodation coefficients in theoretical calculations to provide recommended drag coefficients for a variety of satellite shapes in low earth orbit. By using all of the information on aerodynamic coefficients measured by previous satellites, we can minimize errors in density measurements made by future satellites. Soon a new aeronomic satellite, STEP-1, will be flown. If its large flat plates sometimes are oriented at several different angles to the airstream, our knowledge regarding the dependence of drag coefficients on altitude and angle of incidence can be improved.
INTRODUCTION
In order to derive atmospheric densities from accelerometer measurements, it is necessary to assume a drag coefficient, C d, because aeronomic satellites do not incorporate a method of measuring it. Consequently, the accuracy of the inferred densities can be no better than the The fundamental processes which determine the drag coefficient are momentum exchange and chemical reactions at the satellite surface, so we discuss laboratory studies of these processes in the following section. Then we summarize what has been learned about momentum transfer from orbital measurements, which we recently reviewed [Moe, et al., 1993] . From the orbital measurements of surface-particle interaction, we infer the appropriate parameters to use in calculating Cd at various altitudes for satellites in low-earth orbit. By low-earth orbit we mean an orbit with a perigee altitude below 1000 km and an eccentricity value less than 0.3.
Because satellite measurements of the appropriate parameters have not been made above 325 km, we mention some theoretical studies which may be useful in extrapolating the parameters to higher altitudes. We use the measured parameters to calculate Cd for satellites of several simple shapes. Finally, we suggest some theoretical and experimental efforts that could improve our knowledge of satellite drag coefficients.
LABORATORY MEASUREMENTS
The exchange of momentum and energy when gasds slxike solid surfaces has been studied in the laboratory for eight decades. This research has shown that the exchange depends on many factors: the mass of the substrate atoms; the particular crystal face; the mass, fractional coverage, and binding energy of adsorbed molecules; and the mass, energy, and angle of incidence of the incoming molecules Thomas, 1980; Boffi and Cercignani, 1986]. It would be almost impossible to measure all of these factors in orbit, then reproduce them in laboratory experiments. This is the reason we believe that in-orbit measurements of gas-surface interactions are essential.
On the other hand, laboratory measurements have yielded much information on the interaction of gases with surfaces, and have provided models which can be fitted to the satellite measurements of gas-surface interactions. An example is the laboratory data from O'Keefe and French [1969] , which is copied in Figure la . It shows that when Argon (mass 40) with a kinetic energy of 1.35 eV strikes a surface covered with adsorbed Hydrogen (mass 2), much of the Argon is reemitted in the quasi-specular direction; but when the surface is covered with adsorbed gases which are heavier or bind more strongly to the surface, the quasispecular peak is reduced, indicating a stronger interaction with the surface. Our understanding of adsorption has increased greatly since World War II because of the application of new analytic techniques, such as low-energy electron diffraction (LEED), Auger electron spectroscopy (AES), field ion microscopy, flash desorption, and many others. Knowledge obtained by these techniques can be applied to satellite problems, even though the techniques are too complicated to be employed in space. By using some of these techniques, Gomer [1967] showed that carbon monoxide adsorbs on tungsten in several different states. Farnsworth [1970] investigated the complicated chemical reactions of carbon monoxide and molecular oxygen on a nickel surface. Czanderna [1970] showed that molecular oxygen adsorbs on silver in several states, some atomic and some molecular. simulations in which atomic oxygen flowed into a mass spectrometer resulted in the formation of molecular oxygen, Figure 2 that the surface coverage varies much more slowly with altitude than the ambient atmospheric density.
RECOMMENDED PARAMETERS
Until a detailed Hamiltonian analysis can be performed for some representative satellite surfaces and compared with the satellite measurements, we suggest the use of a simplified empirical description utilizing the energy accommodation coefficient •x [Wachman, 1962] We rewrite the expression for C d = 2 + G as
where H = G-K. This is done to show why drag measurements of density are capable of higher accuracy than other thermospheric measurements: The expression for C d begins with the constant, 2. For compact satellites in the lower thermosphere, this constant term is an order of magnitude larger than the other terms. An example of the size of the correction terms in Equation (2) is given in Table  2 From laboratory measurements, we expect that the assumption of a completely diffuse angular distribution will cause errors of only a few percent at altitudes below 300 km, where the accommodation coefficient is above 0.90. Many of the remaining uncertainties could be resolved by the STEP-1 aeronomic satellite which will provide (in 1994) the rare opportunity to measure C d in orbit. Its flat plates (solar panels) facilitate the measurement of lift and drag by its three-axis accelerometer. If the STEP-1 is flown with its flat plates in a number of different orientations during geomagnetically quiet times, it will provide a large body of information to resolve uncertainties regarding accommodation coefficients and angular distributions of reemitted molecules.
It may be that Hamiltonian methods will be used in the future to analyze the gas-surface interactions encountered in past and future laboratory and satellite experiments. Combining a realistic theory of chemisorption with the experimental data could lead to better measurements by accelerometers and mass spectrometers. 
